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In this paper, the collapse behaviors of thin plate with corrugated cross-section subjected to
three-point bending are studied by using the finite element method. In order to estimate the energy-
absorption characteristics of the beam, it is vital to understand the relation of load and displacement.
It is found that the load decreases by flattening of the cross-section of the beam, and the flattening
shape can be quantitatively expressed by using curvature radius of the plane of the top and bottom
in the cross-section. Based on an idea that the external work is mainly expended by the flattening
deformation of the cross-section, a new prediction method is proposed for estimating the relation
of load and displacement. Its validity is verified by comparing with the numerical results by FEM
under various conditions.
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a = L / 2
Pcr
L = 2000mm
Fig. 2 Relation of P and δ with a=L/2 and t=4.0mm
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Fig. 3 Deformation of one half of a square col-














Fig. 4 Deformation of one half of the beam shown in
Fig.2 around X=L/2
δ=50mm 100mm 150mm X=L/2
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(b)Approximation of deformed shape




θ1 = l1/R1 (1)
θ
θ = pi−β −θ1/2 (2)
θ1
h

































a = L / 2










Fig. 7 Axial stress distribution of cross-section for two
levels of δ at X=L/2
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c















































































































































































1 4 UdX (12) 2
3 UdX (19) (20)
(22) (23)






































1 a=L/2 3 t=2.3mm 3.2mm
4.0mm FEM 2




R1a = ∞ (4)∼ (6)
5 FEM
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6Table 1 Comparison of Pcr between results of FEM,































Eq.(4)   (6)       
with 1aR = ∞
Start
1a eR R=
( ) ( ): . 4 6P eq  
( ): . 26eqδ




1 1a aR R I R= − ⋅ ∆
( ): . 25IU eq
1I IU U U −∆ = −
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x− y yc 30.4mm
t=4.0mm I = 6.42×10−7m4
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t = 4.0 mm







L = 2000 mm
(a) P-δ relation






t = 4.0 mm







L = 2000 mm
(b) W -δ relation
Fig. 10 Comparison between result of FEM and



















t = 2.3 mm







L = 2000 mm
(a) P-δ relation




t = 2.3 mm







L = 2000 mm
(b) W -δ relation
Fig. 11 Comparison between result of FEM and
proposal with a=1000mm, t=2.3mm
12(a) t=4.0mm, a=L/4
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t = 4.0 mm





ProposalL = 2000 mm
(b) a=L/8
Fig. 12 Comparison of P-δ relation between result of












Fig. 13 Deformed shapes of the beam shown in
Fig.12(b) with t=4.0mm and a=L/8
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